Abstract-Effects of nonspecific smooth muscle relaxants, papaverine (10-' M) and Aspaminol (I,1-diphenyl-3-piperidinobutanol hydrochloride, 10-' M), and Ca-blocker, D-600 (10-6 M) on Ca-release and Ca-binding in the microsomal fractions of rabbit taenia coli were determined.
It was reported that nonspecific smooth muscle relaxants, papaverine and Aspaminol, and Ca-blockers inhibited the responses of K-depolarized intestinal smooth muscle to CaCl2 and also decreased Ca-uptake by the depolarized intestinal smooth muscle from the bath fluid (1) . Since papaverine is a potent inhibitor of cyclic AMP-phosphodiesterase (2), relaxation of smooth muscle is considered to be partly due to an increase of intracellular levels of cyclic AMP. However, Aspaminol and Ca-blockers are found to have little in hibitory action on phosphodiesterase activity (3, 4) . Nonspecific inhibitory action of Aspaminol (5, 6) and of Ca-blockers (7) can be decreased to a great extent by increasing the Ca-concentration in the bath fluid, while that of papaverine is only slightly increased. As little is known of the differences in the effects of the smooth muscle relaxants and Ca-blockers on Ca-release and Ca-binding in the microsomal fractions from the intestinal smooth muscle and of differences in changes in Ca-transfer induced by the nonspecific smooth muscle relaxants and Ca-blockers, we carried out studies in an attempt at elucidation.
MATERIALS AND METHODS
A piece (3 to 4 cm) of the taenia coli isolated from male rabbits, weighing 2 to 3 kg, was suspended in a 20 ml organ bath filled with a KCl-solution kept at 32'C and gassed with a mixture of 95% 02 and 5 % C02. Responses to drugs were recorded isotonically.
The KCI-solution used had the following composition (mM) : KCl 159.6, CaCl2 2.2, MgCl2 2.1, NaHCO3 5.9 and glucose 2. Ca-release was determined as follows. The microsomal fractions were incubated in the medium similar to that used for Ca-uptake experiments except that the concentration of microsomal proteins was increased two-fold. The microsomal proteins were allowed to accumulate Ca for 10 min. The release of incorporated Ca was started at 32'C by ten-fold dilution of the medium with the release medium which was made by omitting CaCl2 and potassium oxalate from the incubation medium. Samples of 1 ml were removed from the release medium at a timed interval and passed through a Millipore filter. 45Ca associated with the microsomal fractions was determined as reported previously (9) . Drugs used: Papaverine hydrochloride (Wako-Junyaku), Aspaminol (1,1-diphenyl-3 piperidinobutanol hydrochloride: Kowa), D-600 (Knoll) and 45CaC12 (specific activity: 16.5 mCi/mg Ca; New England Nuclear Corp. release was significantly (P<0.05) inhibited at the incubation times of 1.5 and 4 min by 10-4 M of papaverine (Fig. 2) and Aspaminol (Fig. 3) , while Ca-blocker, D-600 (10-6 M)
had little influence on the Ca-release (Fig. 4) . The microsomal fractions used in this paper contained high concentrations of marker enzymes of plasma membrane, such as true cholinesterase, 5'-nucleotidase and Na and K ATPase. Ca and Mg-ATPase which is concerned with the sarcoplasmic reticulum was also found in the fractions. Electron microscopic observation indicated that there were no intact mitochondria in the fractions. Precise data are not shown in this paper, as the findings were much the same as previously reported by Takayanagi Call and relax the muscle fibres by inhibiting the Ca-influx, if they complete with Ca" at binding sites concerned with Ca-influx process, as discussed previously (6) .
The mechanisms involved in smooth muscle relaxation by papaverine seem to be complex with regard to Ca-transfer. In the present work, papaverine potentiated Ca-binding in the microsomal fractions. Andersson and Nilsson (11) , using the microsomal fraction from rabbit colon, found that the Ca-accumulating capacity of the microsomal fractions was potentiated by cyclic AMP. Similar findings were also reported in the microsomal fractions from rabbit aorta (12) and from rat uterus (13) . Therefore, potentiation of the Ca-binding in the microsomal fractions, as induced by papaverine may be due to elevation in the levels of cyclic AMP with the inhibition of phosphodiesterase. On the other hand, papaverine was found to have inhibitory actions on Ca-uptake in depolarized intestinal smooth muscle (1) and did not potentiate Ca-binding in the microsomal fractions in the higher concentration (3 x 10-4 M) (14) . This drug did, however, potentiate Ca-binding in lower concentrations. Thus, papaverine has inhibitory actions on Ca-binding in microsomal fractions, in addition to the stimulatory action which may be mediated through cyclic AMP. Nonspecific in hibitory action of Aspaminol (6) and Ca-blockers (4, 7) was decreased to a great extent by increasing the Ca-concentration in the bath. These results suggest that inhibition of Ca binding induced by Aspaminol and D-600 was due to a competition of Aspaminol and D-600 with Ca2+ at the binding sites in the microsomal fractions.
The opposite effects of drugs, which increased Ca-binding and decreased Ca-release, are compatible with the physiological significance of the observed Ca-transfer, given the relaxing properties of the drugs. In this study Ca-release from the microsomal fractions which had incorporated Ca was inhibited by papaverine and Aspaminol but not by D-600.
These findings suggest that the inhibition of Ca-release was concerned with relaxation of the intestinal smooth muscle by papaverine and Aspaminol and clarified that there was a 
